ABSTRACT Malnutrition and morbidity have a synergistic association that often leads to death. However, malnutrition in children who die is largely underreported, because anthropometry of the deceased child is rarely known. This study had two purposes: i) to develop a scale that would help determine if a child had low weight-for-age (w/a), in the absence of anthropometric measures; and ii) to select an appropriate cut-off that would give the best sensitivity (Se) and specificity (Sp) of the proposed scale when contrasted with actual w/a measurement. The study was designed as a diagnostic test, and carried out in a rural area in central Mexico. We included 132 children under 5 y old with w/a under Ϫ2 Z score and 284 children with marginal or no w/a deficit as a control group. The proposed scale included potential predictive variables from clinical, socioeconomic and family factors. The best logistic regression model to predict low w/a included: birth weight less than 2,800 g, introduction of weaning foods after the sixth month of life, introduction of animal protein after the sixth month of life, low socioeconomic status, low w/a in siblings and more than three morbidity episodes in the previous 6 mon. Selecting a cut-off of 4 for this model to identify children with low w/a showed a Se and Sp of 85 and 95%, respectively. We tested the external validity of the scale in a different locale, and included 877 children under 5 y old from 10 rural communities. In this population, the scale showed Se of 84% and Sp of 81% to identify low w/a. Based on these results, we propose that the scale be included as a means of identifying low w/a in children who have died. We believe that this should be done in verbal autopsies, which, based on our previous research, the Ministry of Health adopted as part of the regular activities to monitor problems in the disease to health-seeking to death process.
The World Health Organization (WHO) 5 estimates that there are 192.5 million underweight children and 229.9 million stunted children in the developing world (de Onís et al. 1993) , corresponding, respectively, to 35.8 and 42.7% of the world's population. In Mexico, the most recent national nutrition survey estimated that 12.6 million children under 5 y old are malnourished, which corresponds to 30% of children in this age group (Sepúlveda et al. 1990 ). The most frequent causes of death in Mexico of children under 5 y old are acute diarrhea and acute respiratory infection (INEGI 1993) .
Although other studies showed that malnutrition is causally associated with these deaths (Pelletier et al. 1993) , it is rarely reported on the death certificates for several reasons. Malnutrition is often classified on the basis of deficits of weight-forage (w/a) or height-for-age (Gómez et al. 1955 , Waterlow et al. 1977 . Unless these data are available at the time of death, the physician who fills out the death certificate often overlooks nutritional status (Melgar et al. 1986 , Parsons et al. 1980 . Because a large number of deaths occur at home (Gray et al. 1990 , Villa et al. 1994 ), lack of weight or height data prior to death is more the rule than the exception. Furthermore, underreporting malnutrition in the deceased child occurs more frequently when the person who certifies the death is not a physician, a common situation in rural areas of the developing world (where a large number of malnutrition-associated deaths occur) (Bustamante et al. 1990 , Pelletier 1994 . Another difficulty of identifying malnutrition associated with mortality is that the International Classification of Diseases has only a very broad category for malnutrition, which includes "Avitaminosis, anaemia, and other nutritional deficiencies."
Failure to identify the nutritional status of a deceased child has implications for enumeration purposes. And, when nutritional deficits are underreported in mortality statistics, less pressure is on policymakers to focus attention on malnutrition.
This underreporting also limits our ability to collect data on nutritional status at death for research purposes.
The objective of this project was to develop a scale and select a cut-off to identify nutritional deficits in children who have died, in the absence of anthropometric measurements such as weight or height.
MATERIALS AND METHODS
Study design. The study involved two phases. The first was the development and internal validation of the scale; the second was the application of the scale on a different population to test its external validity.
The first phase of the study was designed as a diagnostic test. To construct and test the scale's sensitivity (Se) and specificity (Sp), we developed it with living children, although it is meant to be used in children who have died. As the scale should be used as an indicator of children's w/a deficit, the standard to test Se and Sp was the actual anthropometry of the children studied. Children with low w/a (below Ϫ2 Z-score of the reference U.S. National Centre for Health Statistics population) (Hamill et al. 1976) were taken as true positives, and controls with w/a between Ϫ2 and ϩ1 Z-score were defined as true negatives. We used w/a as an indicator of nutritional status for three reasons: i) Several studies have found it to be the most sensitive predictor of mortality in children under 5 y old (Chen et al. 1981 , Yambi et al. 1991 ; ii) The recommended and most widely used anthropometric index endorsed by the Mexican government is w/a for assessing the nutritional status of children under 5 y old (Secretaría de Salud 1994); and iii) Publications demonstrating the causal effect of malnutrition and its impact on mortality used w/a as indicator of nutritional status (Pelletier et al. 1994) .
The second phase of the study involved testing the external validity of the scale. For this purpose, we tested the scale in a different locale, including all children under 5 y old who lived in 10 randomly selected communities.
The study protocol was approved by the Ethical Review Board of the Instituto Mexicano del Seguro Social, Mexico. Prior to the study, all adult participants in charge of children selected for the study granted verbal consent for anthropometry to be taken in their children and to answer the questionnaire.
Study period and research areas. The first phase of the study was carried out from August to March, thus including summer, fall and winter months; the seasonality of the study proved important for the morbidity variables. The study area for this first phase (development of the scale) was the valley of Solis, located in the central highland plateau of Mexico. Children under 5 y old living in 35 rural communities, encompassing three neighboring states (México, Michoacán and Querétaro), were included in the study. Living conditions in the valley were representative of the larger central part of Mexico. Inhabitants' main occupation was agriculture, with a heavy dependence on maize as the staple food; beans and other legumes were also grown. Hygienic conditions were poor: Most households don't have piped potable water or sewage disposal system, and domestic animals, including chicken and pigs, were often kept in or near the living quarters (Allen et al. 1987) .
From an existing census of the population, we identified all children under 5 y old, including those who had w/a under Ϫ2 Z-score (n ϭ 132). A second group, consisting of 286 children with no w/a deficit or deficit over Ϫ2 Z-score, was randomly selected from the anthropometric census of the population. One interviewer, unaware of the child's anthropometry, visited all homes of selected children to apply the interview schedule to the mother or other adult who cared for the child.
Risk factors for malnutrition. The scale was based on a combination of variables from three general areas: clinical, nutritional and socioeconomic. Variables from the clinical area included mother's age, number of pregnancies, birth weight, gender, number of acute respiratory infections and acute diarrhea episodes, and number and timing of vaccines received. The nutritional variables included type and duration of milk feeding, timing and type of weaning, and present diet evaluated by a 24-h recall. Weaning was defined as the introduction of liquid or solid foods, different from the usual milk feeding (whether breast milk or formula). The socioeconomic status of the families was assessed by means of a scale previously developed and validated in the study area (Martínez et al. 1986 ), which included: i) characteristics of the house (materials of roof, walls, and floor and number of rooms, windows and doors); ii) ownership of household assets (bed, radio, TV set, gas stove, blender, iron, cabinets, sewing machine, car); iii) ownership of animals (cows, sheep, chicken, turkeys, pork, horses, donkeys); iv) occupation of the head of the family; v) years of school attendance of the head of the family and of the mother; vi) type of family (extended, nuclear); and vii) size of family. Nutritional status of siblings (based on w/a) was also included in this group of variables.
The external validity of the scale was tested in 10 communities, 200 -300 km from the original study area, in the state of Hidalgo. Living conditions in this area were similar to those described for the valley of Solis. All children under 5 y old (n ϭ 877) who lived in 10 randomly selected communities from two municipalities (Metepec and Zacualtipán) were identified by means of a house-to-house census. Children were weighed and mothers received a questionnaire schedule similar to that developed in the valley of Solís. This second phase took place between October and January, thus including the fall and winter months.
Construction of the scale. The steps followed for constructing the scale are summarized as follows: i) Variables were selected that showed both Se and Sp larger than 50% to identify low w/a. We used a nonrestrictive P value of Ͻ0.10 to assess significant difference between groups to allow initial selection of a large number of variables. ii) These variables were included in multiple logistic regressions to predict low w/a; at this stage, only those with P Ͻ 0.05 were retained. All possible regressions were run to identify the best competing models. The criterion to choose the best model was based on a combination of the highest goodness-of-fit test, predictive power of the model (as a reflection of the area under the curve when plotting a receiver operator curve or ROC) and the smallest number of variables (Hanley and McNeil 1983) . iii) The variables included in this model were taken as the components of the scale. Once the scale was defined, we calculated the Se and Sp of different cut-offs, plotting them in an ROC (Nettleman 1988) . The choice of a cut-off sought to maximize Sp without a major sacrifice in Se (Metz 1978) . (6) Lastly, we ran the discriminant analysis function in the Statistical Package for Social Sciences (SPSS) to identify children who had been misclassified by the selected cut-off.
Analysis software. The database was entered in D-Base III. EpiInfo was used to calculate Se and Sp. SPSS was used for the logistic regressions, to calculate the ROC curves, and to run the discriminant analysis.
RESULTS
Four hundred and sixteen children under 5 y old were identified for the first phase of the study. This included 132 children with low w/a and 284 with w/a over Ϫ2 Z-score. No significant differences existed between the two groups in terms of age, gender and type of family, but families of children with low w/a were larger than those of the other group, had a higher birth order, and had one or more siblings under 5 y old (P Ͻ 0.10) ( Table 1) .
Ten variables met the Se and Sp criteria for inclusion in the logistic regression models: socioeconomic status of the family, years of school attendance of both parents, presence and number of siblings under 5 y old with low w/a, consumption of pulque 6 by the father, birth weight under 2,800 g, occurrence of more than three acute respiratory infection (ARI) episodes in the 6 mon prior to the interview, nonbreast milk or infant formula feeding in the first 6 mon of life, weaning after the sixth month of life, introduction of animal products in the weaning diet after the sixth month of life, and habitual lack of consumption of animal products in the diet in the weekly recall diet. Results of all possible multiple logistic regressions identified three competing models that showed Se between 70 and 72% and Sp between 78 and 88% ( Table 2 ). The best model, labeled as Model 3 in Table 2 , showed one of the highest predictive powers (i.e., the area under the ROC curve was 0.87) and the highest goodness-of-fit (0.193) with the lowest number of variables (6). These included low socioeconomic status, weaning after 6 mon of age, introduction of animal protein to the diet after the sixth month of life, birth weight under 2,800 g, presence of other siblings with low w/a, and three or more episodes of ARI in the 6 mon prior to the interview. Five of these six variables were shared with Models 1 and 2. As it may be difficult to obtain precise data for birth weight, we run Model 3 omitting this variable (Table 2 ). Although the model lost predictive power (diminishing from 87 to 80%), it still retained reasonable Se (80%) and Sp (78%), and actually improved its goodness-of-fit (0.2996).
The presence of each variable contributed one point to the scale. The scale was applied to the study population, calculating the Se and Sp of different cut-off points to identify low w/a. As seen in Table 3 and Figure 1 , taking four points as the cut-off gave the scale a Se of 85% and a Sp of 95%. This cut-off correctly identified 112 low w/a and 269 nonlow w/a children. The discriminant analysis run on this population, shown in Figure 2 , enabled us to identify those children (n ϭ 35, 8% of the total) who had been misclassified. A review of their anthropometry data showed that all of them had borderline values.
Once constructed, the scale was tested for its external validity in a different population. We identified 877 children under 5 y old in the communities studied in the second study area. No statistically significant differences existed between these children and the population in Solís in terms of age and gender distribution, number of siblings under 5 y old, mean birth weight, percentage of children under 2,800 g, and percentage of mothers who didn't recall the birth weight of their infants (data not shown). Forty-one percentage (n ϭ 350) of the children showed a low w/a (below Ϫ2 Z-score). The six-item scale was applied to this population, with the only difference being that questions were included on respiratory or diarrhea episodes in the 6 mon prior to the interview, instead of just respiratory episodes. This change was intended to allow us to identify possible effects of either of these diseases as a morbidity indicator, because of the difference in seasonality when the two studies were conducted. In this second population, the scale showed a Se of 82% and a Sp of 85% to identify low w/a children.
DISCUSSION
The impact of malnutrition on mortality is now well established (Pelletier 1994) . However, malnutrition rarely appears on the death certificate, so its impact is largely underestimated. This lack of awareness is reflected in the limited attention paid to it by the government and the health-care sector and the resulting lack of efforts made to alleviate this condition. In previous research, we were concerned about the large number of children who died of acute diarrhea (AD) or ARI, and we wanted to learn what causes were associated with these deaths, focusing particularly on the disease-health-seeking process (Martínez et al. 1993) . As other authors have noted, the management of fatal cases is a sensitive indicator of deficiencies in curative care (Habicht 1979) . We went to the houses of children who had died where we administered to the mother or adult responsible for care of the child a semistructured interview schedule which produced descriptions of the events that occurred from the time the child got sick until he or she died, a technique known as "verbal autopsy" (Gutiérrez et al. 1994) . Cases of deceased children were identified from death certificates.
Our research uncovered several situations that were amenable to interventions, and, when these were brought to the attention of the health-care sector in charge of AD and ARI programs, corresponding actions were taken (Reyes et al. 1993a, b) . Throughout the country, verbal autopsies are now routinely performed to identify aspects for intervention and to monitor AD and ARI deaths, as a feedback to these programs (Secretaría de Salud 1997a, b) . However, we found almost no mention of malnutrition as a cause of death or even as a circumstance present during the terminal illness of the child. We were concerned about this and decided to develop a method that would allow identification of a malnourished child, taking low w/a as an indicator of malnutrition. Some conceptual issues related to the variables that composed the scale merit discussion. Several studies associated low birth weight, commonly defined as a birth weight under 2,500 g (Battaglia and Lubchenco 1967) , with higher mortality (Garay 1990 ). In the area where the scale was developed, a previous study found that the average birth weight of children was 3,200 g (Allen et al. 1987) ; in the present study it was 3,000 g. As the proportion of children under 2,500 g at birth was quite small (7% in the first study cited and 9% in the present one), we tested different birth weight cut-offs to predict malnutrition and found 2,800 g to be the best. A second issue was the presence of a morbidity variable as part of our scale. When we developed the scale, we found a significant association only with the previous incidence of ARI. However, other studies found acute diarrhea to be highly correlated with malnutrition (Beau et al. 1987 , Chen et al. 1981 ). When we validated the scale, we also found three or more episodes of AD to be a significant predictor of low w/a. In fact, we think that either ARI or diarrhea actually represents an indicator of the burden of morbidity on the nutritional well-being of the child.
Weaning after the sixth month of life and consumption of animal protein after the sixth month of life were two more variables in our scale. Findings from other authors seemed at odds with our findings as to the role of these variables, so they merit further discussion. We found that children who had been weaned after the sixth month of life were more likely to show low w/a than those who were weaned earlier. While this may seem to contradict WHO's recommendation to delay weaning until the fourth-sixth month of life (WHO 1985) , it may be explained by the fact that children who were weaned earlier were better nourished to begin with, thus triggering the maternal reaction of feeding (Launer et al. 1990) . If this were the case, then the better nutritional status at early ages would explain early weaning, not the reverse. By the same token, children were more likely to show low w/a when their weaning period was based on foods that offered mainly carbohydrates, such as tortillas, crackers and maize gruel (atole), while chil- dren with no w/a deficit had been weaned earlier, receiving larger amounts of animal products in their diets by the sixth month of their life. These relationships may be confounded by other variables, like frequency of feeding or composition of the diet, and we did not attempt to control such aspects in our study. To better understand the situation, it would be useful to refer to the role that the quality of the diet may play. For example, animal products offer key nutrients associated with better growth, including iron, zinc and vitamin A. In our study area, eggs were the most common source of animal protein, probably because families raised chickens in their yards. In other areas, different foods may be better indicators of the quality of the diet.
Another issue to consider when using the scale in other populations is the feasibility of obtaining the required information. Although most of the information for the variables that composed the scale should be easy to obtain, some may be consistently lacking. Specifically, this may be the case with birth weight and nutritional status of siblings. To assess the extent to which the absence of these data would affect the predictive ability of our model, we ran it omitting the variable on birth weight and found a predictive power (i.e., the area under an ROC curve) of 0.80 (Table 2) ; by omitting the nutritional status of siblings, we found a predictive power of 0.78; and by omitting both, a predictive power of 0.62. With these considerations in mind, we calculated that, by using the suggested cut-off, the scale underestimates the true numbers of low w/a children by 4% (false negatives minus false positives divided by all low w/a children). The comparable figure for the second population studied is 0.04%.
The results encourage us to propose the use of the scale to identify children with low (ϽϪ2 Z-score) w/a, particularly in rural areas in developing countries, where identification of malnutrition associated with death is often overlooked. Based on our previous experience, we believe that this information could be gathered as an add-on to verbal autopsies, which are
TABLE 3
Sensitivity and specificity of selected cut-off points on the proposed scale to identify low weight-for-age in both study areas FIGURE 1 Relationship between sensitivity (%) and specificity (%) of different cut-off points to identify low weight-for-age. The dot over the straight line corresponds to 4 points, which was selected as the best cut-off.
FIGURE 2
Discrimination between control and low weight-for-age children who were correctly classified as such by the proposed scale.
now part of regular monitoring activities of the Ministry of Health's Control of Acute Diarrhea and Respiratory Infection programs in Mexico (Secretaría de Salud 1997a, b) . We hope that this strategy will increase awareness that low w/a children die more frequently than do well-nourished children with the same diseases. Increased awareness of this issue might, in turn, help focus the attention and resources of governmental and nongovernmental organizations to treat such a difficult problem. We encourage other researchers to follow the methodology presented here, tailoring the development of a similar scale to the specific situation in their own working locations.
